Abstract: Few randomized clinical trials have evaluated the efficacy of ginseng in patients with type 2 diabetes mellitus (T2DM). The current meta-analysis evaluated the ginseng-induced improvement in glucose control and insulin sensitivity in patients with type-2 diabetes or impaired glucose tolerance.
INTRODUCTION
T he use of ginseng, a traditional Chinese medicine, is implicated in various indications including diabetes, cancer, heart disease, fatigue, immune boost, erectile dysfunction, high blood pressure, so on. [1] [2] [3] [4] [5] [6] [7] There are 11 commercially available species of ginseng; however, the Asian (Panax ginseng) and the American (Panax quinquefolius L) ginseng are the 2 widely consumed varieties. The pharmacologically active component of ginseng is the triterpene b-glycosides, known as ginsenosides or panaxosides. More than 150 types of ginsenosides have been identified so far. 8 Generally, extracts from the roots of the plant contain potent ginsenosides that can stabilize the glucose homeostasis in patients with type 2 diabetes mellitus (T2DM); however, the berries and leaves of ginseng have also been reported to lower blood glucose and decrease body weight. 9, 10 The efficacy of ginseng extract or powder on blood glucose control has been well documented in experimental models 11, 12 and on healthy individuals. 13 However, there are very few randomized controlled trials assessing the safety and efficacy of ginseng extract in patients with type 2 diabetes or people with impaired fasting glucose or impaired glucose tolerance 14 Besides, most studies conducted in human subjects only evaluated the effect of a single oral dose, which was found to be significantly effective in lowering the blood glucose area under the curve, during the oral glucose tolerance test. 15, 16 Daily supplementation with fermented red ginseng lowered postprandial glucose levels in subjects with impaired fasting glucose or type 2 diabetes. 17 Nevertheless, the efficacy of ginseng-related therapy varied considerably in the outcomes of long-term use, dose, formulation, and treatment duration. Interestingly, Reeds et al, 8 reported the lack of efficacy of oral ginseng or ginsenoside Re therapy with regard to b-cell function or insulin sensitivity in overweight/obese subjects with impaired glucose tolerance or newly diagnosed diabetes.
The current meta-analysis was undertaken to evaluate the effect of ginseng or ginsenoside Re in improving the glucose homeostasis and insulin sensitivity in patients with type-2 diabetes, or with impaired glucose tolerance, who are at high risk for developing cardiovascular diseases. In addition, the use of ginseng extract as an adjunct therapy in T2DM will also be explored. Ginseng-related therapies include the use of ginseng, ginseng-extract, ginsenosides, and Chinese medicine with ginseng as the major ingredient (eg, Shenyan Kangfu tablets 18 ).
METHODS

Search Strategy and Selection Criteria
We performed an updated literature search of the Medline, Cochrane, EMBASE, and Google Scholar databases until March 2, 2015, using the key words, ''type 2 diabetes/diabetes/diabetic, impaired glucose tolerance, and ginseng/ginsenoside(s).'' In addition, the reference lists of relevant studies were also hand-searched. Randomized controlled trials in patients with a diagnosis of either type 2 diabetes, or impaired glucose tolerance, and being treated with ginseng supplementation versus control or placebo were included in the current meta-analysis. Only those studies with a reported quantitative outcome were included.
We did not include cohort studies, letters, comments, editorials, case reports, proceedings, and personal communications for this review. We also excluded retrospective studies or those without any reported quantitative primary outcome.
Study Selection and Data extraction
Studies identified through the literature search were selected by 2 independent reviewers, and in case of ambiguity regarding eligibility a third reviewer was consulted. The following information/data were extracted from studies that met the inclusion criteria: name of the first author, the year of publication, study design, number of participants in each group, participants' age and gender, treatment protocol, change in HbA1c, fasting glucose, postprandial glucose, fasting insulin, postprandial insulin, Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), TG, total cholesterol, LDL, and HDL.
Quality Assessment
Included studies were assessed with the Cochrane Collaboration's tool for assessing risk. 19 The supplemental Figure S2 , http://links.lww.com/MD/A684 represents the assessed outcomes for the 8 included studies.
Outcome Measures
The primary outcome measure was the change in HbA1c levels, while the secondary outcomes included, fasting glucose, postprandial glucose, fasting insulin, postprandial insulin, HOMA-IR, TG, total cholesterol, LDL, and HDL.
Statistical Analysis
For all the outcomes analyzed, both pre-and post-treatment measurements were summarized as mean AE standard deviation for each individual study and as comparisons of pooled estimates in the treatment group (comparison group) versus the control group. An effect size of std diff in the means of change in outcomes before and after treatment between the groups was presented as standard error, and 95% CI. An effect size with a std diff in means lower than 0 (<0) indicates that the comparison group has a greater decrease in outcome (ie, from pre-to post-treatment) than the control group; otherwise, the treatment group has a lesser change in the outcome (>0), compared with the control group. An effect size of 0 (¼0) indicates that the change in outcomes was similar between the treatment and the control groups.
Heterogeneity among the studies was assessed by calculating Cochran Q and the I 2 statistic, simultaneously. Either a Q statistic with P < 0.1 20 or an I 2 statistic >50% 21 was considered as obvious heterogeneity between studies. A random-effects model (DerSimonian-Laird method) 22 was used when there was obvious heterogeneity among the studies, while a fixed-effects model was used (Mantel-Haenszel method) in case of homogenous studies. Sensitivity analysis was carried out based on the leave-one-out approach in the primary outcome, HbA1c, and in one of the secondary outcome, fasting glucose. Publication bias was assessed using funnel plots and Egger test for both the outcomes, and a P > 0.05 in the Egger test was considered statistically significant. All of the statistical analyses were performed using the Comprehensive Meta-Analysis statistical software, version 2.0 (Biostat, Englewood, NJ).
Ethics
This study did not involve human subjects, so informed consent was not required. In addition, no approval was required from an institutional review board.
RESULTS
Study Characteristics
Of the 141 studies identified through the literature search, 8 studies were included in the final analysis. 8, 10, 14, 17, [23] [24] [25] [26] The flow chart for the selection of trials is shown in Figure 1 . The study characteristics of the included trials are summarized in Table 1 . The participant age was comparable among the treatment groups (comparison and control) within and between the studies ( Table 1 ). The number of participants in the comparison group ranged from 5 to 43 (n ¼ 195), while the number of participants in the control group ranged from 5 to 41 (n ¼ 195) ( Table 1 ). The mean follow-up time ranged from 4 to 20 weeks. Supplemental Table S1 , http://links.lww.com/MD/A685, represents the summary of all outcome measures of the studies included in the current meta-analysis.
Study Outcomes
Primary Outcome
Change in HbA1c (%) A total of 3 studies 8,10,14 with reported changes in HbA1c levels from the baseline were evaluated. The change in the pooled std diff in the means of the HbA1c levels between the comparison and control groups is represented in Figure 2 . A fixed model was applied because there was no observed heterogeneity among the studies with regard to HbA1c (Q ¼ 0.505, I 2 ¼ 70%, P ¼ 0.777). The pooled std diff in means of HbA1c levels did not show significant difference between the comparison and control groups (std diff in means ¼ À0.148, 95% CI: À0.637 to 0.228, P ¼ 0.355) (Figure 2 ).
Secondary Outcomes
Fasting Glucose, Postprandial Glucose, Fasting Insulin, Postprandial Insulin, HOMA-IR There were 6 studies with complete records for fasting glucose, while 3 studies reported complete data for postprandial glucose, and 5 studies for fasting insulin, 2 studies for postprandial insulin, and 4 studies for HOMA-IR. The heterogeneity test indicates no significant heterogeneity among the studies, except for fasting and postprandial insulin, hence a fixed model was considered for fasting glucose, postprandial glucose, and HOMA-IR, whereas, a random model was considered for fasting and postprandial insulin (Fasting glucose, Q ¼ 2.168, P ¼ 0.825,
2 ¼ 11.63%). The pooled std diff in means of fasting glucose, postprandial insulin, and HOMA-IR levels showed significant difference between the comparison and control groups (Fasting glucose, std diff in means ¼ À0.306, 95% CI: À0.539 to À0.074, P ¼ 0.01; postprandial insulin, std diff in means ¼ À2.132, 95% CI: À3.706 to À0.558, P ¼ 0.008; HOMA-IR, std diff in means ¼ À0.397, 95% CI: À0.679 to À0.115, P ¼ 0.006) ( Figure 3A , D, E). However, no significant difference between the comparison and control groups was observed for postprandial glucose and fasting insulin. (Postprandial glucose, std diff in means ¼ À0.338, 95% CI: À0.707 to 0.031, P ¼ 0.072; fasting insulin, std diff in means ¼ À0.615, 95% CI: À1.359 to 0.129, P ¼ 0.105; Figure 3B , C).
TG, Total Cholesterol, LDL, HDL
Five studies with complete records for TG, total cholesterol, LDL, and HDL were evaluated for these secondary outcome measures. Analysis revealed significant heterogeneity among the studies except for TG. Hence, a random model was considered for TG, while a fixed effects model was considered for total cholesterol, LDL, and HDL (TG, Q ¼ 3.714, P ¼ 0. Figure 4A -D).
Subgroup Analysis
There were 5 studies 10, 14, 17, 23, 24 that included patients who did not receive any oral hypoglycemic agent or insulin injections. The subgroup analysis revealed a significant difference between the groups for secondary outcomes, postprandial insulin, HOMA-IR, TG, total cholesterol, and LDL (Postprandial insulin, std diff in means ¼ À2.132, 95% CI: À3.706 to À0.558, P ¼ 0.008; HOMA-IR, std diff in means ¼ À0.528, 95% CI: À0.902 to À0.154, P ¼ 0.006; TG, std diff in means ¼ À0.764, 95% CI: À1.145 to À0.383, P < .001; total cholesterol, std diff in means ¼ À1.194, 95% CI: À2.095 to À0.293, P ¼ 0.009; LDL, std diff in means ¼ À0.910, 95% CI: À1.728 to À0.092, P ¼ 0.029) ( Figures 3D, E, 4A-C) . It should be noted that the pooled std diff in the means of HOMA-IR showed significant difference between the comparison and control group, either in the total or subgroup analysis. However, the change in HOMA-IR was significantly different between the groups in only 1 study, Park et al 24 ( Figure 3E ), indicating that this study influenced the overall results and is not reliable as the other outcomes analyzed.
Sensitivity Analysis
The sensitivity analysis for changes in HbA1c and fasting glucose levels were performed using the leave-one-out approach. Changes in the combined std diff in the means of HbA1c and fasting glucose levels between the groups, with each one of the studies removed in turn remained nonsignificant and were similar to that of the pooled estimate from all studies combined ( Figure 5 ), indicating no obvious influence by any individual study on the pooled estimate. The sensitivity analysis suggests that the current results for HbA1c and fasting glucose are robust ( Figure 5A, B) .
Publication Bias
Publication bias analysis was performed for fasting glucose using funnel plot ( Figure 6 ) and Egger test. The Egger test indicates no publication bias for fasting glucose among the included studies (1-tailed P ¼ 0.438). The publication bias analysis was not performed for the primary outcome, HbA1c, because more than 5 studies are required to detect funnel plot asymmetry. 27 
Quality Assessment
The result of quality assessment is shown in the supplemental Figure S2 , http://links.lww.com/MD/A684. All of the studies included had randomization and had a low risk of selection bias, performance bias, attrition bias, and reporting bias (A), and overall, the included studies had good quality (B).
DISCUSSION
The current meta-analysis demonstrates the efficacy of ginseng-related therapy in postprandial insulin levels, HOMA-IR, TG, total cholesterol, and LDL in patients with T2DM or impaired glucose tolerance, with no effect on HbA1c or HDL levels. While ginseng-related therapy is effective in reducing the fasting glucose in all patients, it was found to be ineffective in patients undergoing insulin treatment or taking oral hypoglycemic agents ( Figure 3A) . Furthermore, postprandial glucose and fasting insulin levels were not different between the ginseng supplementation and the control group.
Our results reveal no difference in the HbA1c levels between the treatment and the control group (Figure 2) . It has been shown elsewhere that, while ginseng supplementation is beneficial in lowering insulin resistance in T2DM patients, no significant change in the biomarkers of antioxidant defense or oxidant stress had been demonstrated. 29 Similar to our results, Vuksan et al 2 also observed no changes in the primary endpoint, HbA1c. Our current results are also in agreement with the previous reports, 28, 29 in which significant improvement in fasting blood glucose and HOMA-IR levels were observed with ginseng supplementation in subjects with or without diabetes. In addition, we have also demonstrated ginseng-induced improvement in postprandial insulin and glucose levels, TG, total cholesterol, and LDL levels (Figures 3, 4) .
The present meta-analysis is the first updated review to evaluate the efficacy of ginseng-related therapy in patients with type 2 diabetes or glucose intolerance. Furthermore, our results demonstrate for the first time, an improved lipid profile (TG, total cholesterol, and LDL) associated with ginseng-related therapy in patients with T2DM or impaired glucose tolerance. Moreover, ginseng-related therapy was more effective in terms of HbA1c and fasting glucose levels, in drug naïve participants than those taking antidiabetic medications, probably due to the masking of the effect of ginseng by antidiabetic medications. It could also be due to the psychological attributes and better diet control in patients who are newly diagnosed with T2DM. However, the subgroup analysis revealed a significant difference between the groups for secondary outcomes such as postprandial insulin, HOMA-IR, TG, total cholesterol, and LDL (Figures 3, 4) . This might be because most studies excluded patients taking glucose-lowering medications or insulin injections, as it will be difficult to accurately determine the glucose-lowering efficacy of ginseng extracts alone.
14 Nonetheless, reports elsewhere indicate that supplementation with Korean red ginseng rootlet preparation maintained good glycemic control and improved plasma glucose and insulin levels beyond the usual therapy in people with well-controlled T2DM.
2 This discrepancy could be attributed to the differences in formulations, the dose, and duration of treatment, as well as the method of extraction and the part of the plant, variable ages, and species of ginseng contributing to the variability in composition, thus affecting the efficacy of ginseng products. 9, 10, 24 Ginseng extracts used in the studies included varied considerably (Korean red ginseng, American ginseng, fermented red ginseng, hydrolyzed extract, Ginsam, Renshen Jianxin cap., and panax quinquefolius saponin; Table 1 ), and with difference in species and methods of extraction, the active constituents and efficacy may vary.
Studies included in the present review also varied to a great extent in the dose (0.96-13.5 g/day), and duration of treatment (4-20 weeks). The pooled data for HbA1c was not significantly different between the treatment and the control groups, which could be attributed to the shorter duration of therapy. It is unclear whether a short duration of intervention has any clinical significance. The effect of ginseng on HbA1c might have been significant with longer treatment duration than 3 months, which equals to half life of red blood cells. Of the 8 studies included, only one of them (Yoon et al.) reported improvement in HbA1c, 10 where ginsam at different doses showed moderate improvement in HbA1c level along with a significant reduction in fasting glucose levels in drug naïve patients with T2DM.
Although the mechanisms underlying the hypoglycemic effect of ginseng have not been fully elucidated, the possible mechanisms include modulations of, insulin production and secretion; glucose metabolism; glucose uptake; and inflammatory pathway. 30 Further, ginsenosides are shown to activate AMP-activated protein kinase (AMPK) pathway. [31] [32] [33] It has been suggested that ginsenosides may decrease the ATP biosynthesis, resulting in a change in the AMP: ATP ratio, which FIGURE 5. Sensitivity analysis for (A) HbA1c, (B) fasting glucose, and (C) HOMA-IR, using leave-one-out approach. 1st AU ¼ first author, diff ¼ difference, HOMA-IR ¼ insulin resistance, SE ¼ standard error, Std ¼ standardized, 95% CI: lower limit and upper limit. might further activate the AMPK pathway. Activation of AMPK pathway has been proposed as the mechanism for the suppression of hepatic gluconeogenesis and steatosis. 30 Consistent with published reports on the safety of ginseng extract, 2, 34 none of the included studies reported any serious adverse events. The traditional Chinese medicine recommends a dose of 3 g/day as safe and efficacious. 35 Mucalo et al 23 assessed the safety of ginseng extracts in terms of kidney, liver or hemostatic function, and suggested that the long-term use of American ginseng extract is totally safe in a high cardiovascular disease risk population of patients with T2DM. There are several limitations to the present analysis, major limitation being that in patients who were glucose intolerant or T2DM without OHA/insulin, the blood sugar may be fairly regulated with diet control alone. Patients with newly diagnosed T2DM may have better compliance and better diet control too. Thus the efficacy of ginseng-related therapy may be masked. In addition, the small sample size of the included studies may also be a major limiting factor. Besides, the labels and dosage of ginseng-related therapies were varied, as discussed earlier, leading to further bias in the analysis. Future studies comprising a larger cohort of patients with uncontrolled blood sugar are needed to validate the current results on HbA1c. Although, ginseng-related therapy can increase insulin sensitivity in our study, more clinical trials should be designed to evaluate its efficacy as an adjunct therapy in diabetes mellitus and whether it can effectively reduce the dosage of antidiabetic medications, which are often associated with significant risk, including hypoglycemia, lactic acidosis and weight gain. 36 In summary, the current results suggest that the ginsengrelated therapy exert better glycemic control, with an excellent safety profile. Furthermore, it might be a better option in drugnaïve diabetic patients, rather than as an adjunct therapy in patients on anti-diabetic medications. The present analysis did not show an improvement in the pooled HbA1c levels, which might be attributed to variations in the species and dosage of ginseng-related therapy, along with the shorter treatment duration. We propose a standardized treatment regimen with duration greater than 3 months, before any strong conclusions can be drawn, on the safety and efficacy of ginseng extracts as a dietary supplement in patients with diabetes mellitus or glucose intolerance.
